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Abstract: Objective Based on metabolomics technology, this study systematically explored the anti-aging effect and potential
mechanism of the classic formula Baoyuan Decoction on D-galactose-induced subacute aging model rats, providing experimental
evidence for its clinical application and mechanism research of anti-aging. Methods Forty male SD rats were randomly divided into
the control group, model group, vitamin E (positive drug) group, low-dose and high-dose (1.3, 2.6 g'kg™') Baoyuan Decoction groups.
Except for the control group, the other groups constructed the aging rat model by ip administration of 500 mg kg™! D-galactose, and
all groups were given ig administration simultaneously for 42 d. After the experiment, the organ indices of rats were detected, and the

pathological morphology of renal tissue was observed using hematoxylin-eosin (HE) staining; serum and renal tissue levels of
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malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and serum urea nitrogen (BUN), creatinine
(CRE) contents were detected using kits; the expression of apoptosis-related proteins BCL2-related X protein gene (Bax), B lymphocyte
tumor-2 gene (Bcl-2), cysteine-aspartic acid protease-3 (Caspase-3) and its cleaved form (cleaved-Caspase-3) in renal tissue was
detected by protein immunoblotting; serum metabolomics analysis was conducted based on UPLC-Q-TOF-MS technology to screen
differential metabolites and perform metabolic pathway enrichment. Results Compared with the control group, the organ indices of
rats in the model group were significantly decreased (P < 0.01, 0.001), renal tissue showed glomerular atrophy, renal tubular epithelial
cell necrosis and other pathological damages, serum and renal tissue SOD, GSH-Px levels were significantly decreased, MDA content
was significantly increased (P < 0.001), serum BUN, CRE levels were significantly increased (P < 0.001), bax expression and cleaved-
Caspase-3/Caspase-3, Bax/Bcl-2 values were significantly increased, Bcl-2 expression was significantly decreased (P < 0.01, 0.001),
and 212 endogenous metabolites in serum showed significant abnormalities. Compared with the model group, the high-dose groups of
Baoyuan Decoction could significantly improve the organ atrophy and renal tissue pathological damage of rats (P < 0.05, 0.01, 0.001),
up-regulate the activities of serum and renal tissue SOD, GSH-Px, down-regulate MDA content and serum BUN, CRE levels, reverse
the abnormal expression of apoptosis-related proteins in renal tissue; among them, the high-dose group of Baoyuan Decoction could
significantly restore 35 aging-related differential metabolites, and 25 metabolic pathways were enriched, with core regulatory pathways
of arachidonic acid metabolism, retinol metabolism, alanine-aspartic acid and glutamic acid metabolism. Conclusion Baoyuan
Decoction can exert anti-aging effects through improving organ atrophy in aging rats, repairing renal tissue pathological damage,
alleviating oxidative stress in the body, inhibiting renal tissue cell apoptosis, and regulating multiple core metabolic pathways
homeostasis, and exerting multi-dimensional and multi-target anti-aging effects. Its protective effect on renal tissue is one of the
important mechanisms of its anti-aging.

Key words: Baoyuan Decoction; anti-aging; oxidative stress; apoptosis; metabolomics; kidney protection; ginsenoside Rgi;
ammonium glycyrrhizinate; astragaloside IV
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*1 BHKRBRERFEH (X Ls, n=38)
Table 1 Organ indices of each group of rats (X xs, n=38)
H) F/(g kg™?) N ) JHEREEU(@ 97 MESRE S 9 BEREEU (9 97)
X HE — 0.42+0.06 2.60%0.12 0.22+0.01 0.6610.06
P — 0.31+0.01%## 2.34+0.06%# 0.19+0.01# 0.58+0.03%#
RICH 1.3 0.324+0.01 2.4140.06 0.20£0.02 0.60£0.03
2.6 0.36+0.03" 2.48+0.08™ 0.22+0.03" 0.6440.03"
MAERE 0.027 0.36+0.03" 2.5940.07"" 0.22+0.02" 0.64+0.03"
XS HALLER: #P<0.01 #P<0.001; HEBAMLL: "P<0.05 "P<0.01 "P<0.001.

#P<0.01 " P<0.01 vs control group; "P <0.05 ""P<0.01 P <0.001 vs model group.

*2 BEXRHIUEEMERENER (X £s, n=3)

Table 2 Serum oxidative indicators results in each group of rats (X s, n==38)

2H ) /(g kg?) SOD/(U mL™) GSH-Px/(U mL™) MDA/(nmoL mL™1)
Xof HE — 84.1449.90 2 786.87 :400.83 3.34+£054
iRt — 54.67 £10.82## 1738.26 £167.91%# 7.88+0.90%#
IR 13 69.04+8.23™ 2181.19+425.71" 5.64+0.59""
2.6 69.71+7.67" 2 398.25+274.26™ 4.70+0.60""
HAERE 0.027 75.01+9.95"" 2 564.02 +259.90™" 4,65+0.47™
EXIIRA LR #P<<0.001; SHAAIAHEL: "P<0.05 “P<0.01 "P<0.001.

##p < 0.01 vs control group; "P<0.05 *P<0.01 P <0.001 vs model group.

*®3 FEARHBHEASMEFENER (X £s, n=3)

Table 3 Oxidative indicators results in Kidney tissues of rats in each group (X £s, n=38)

20 51) /(g kg™) SOD/(U mg™) GSH-Px/(U mg™) MDA/(nmoL mg™)
i R — 123.42+20.03 572.30+58.04 3.45+1.01
LAY — 62.80+11.57% 262.44+10.11%# 6.19+0.96%#
RIGH 13 82.81+14.93" 327.02+9.46™" 4924072
2.6 90.68+7.24" 372.73+18.70"" 4.4940.81"
HERE 0.027 106.34+13.08"" 445.20+10.62" 3.90+0.99™
Sxtigitbi:  #Pp<0.001; SEAAML: "P<0.05 "P<0.01 "P<0.001.

###pP < 0.001 vs control group; P <0.05 P <0.01 *P<0.001 vs model group.

x4 BEXRHBINEEREFENER (X X5, n=8)
Table 4 Renal function indicators results in each group of
rats (X x5, n=8)

F LS CRE/ BUN/
2H 5 3 ) )
(9kg")  (umoL-L™) (mmoL L7
ot HE — 6.371+1.60 19.06+6.19
R — 9.57+1.10% 45364 10.86%#
RITH 13 8.154+0.83 34.90+11.20
2.6 7.744+151"  32.10+7.82
HAERE 0.027 7.23+1.69"  27.61+8.12*

XA #P<0.001; SHEBAMEL: "P<0.05 “P<0.01.
##P < 0.001 vs control group; *P <0.05 **P <0.01 vs model group.

B4 KR, CRE & BUN 75 (P<<0.001), %
B ZAR TR R AT DhRe A s SERAMEL, f£

TL A R P AR B KRR CRE
BUN 7K°F (P<<0.05) FREALR TG 7] o8 I 2k %
ZRKRME DA E -
3.3 (ALRIBF XN

w1 R, SRAKREHALEHERE, &
INERAY AT, R DLBH B IRAE R R IE LN HIR
o ST IRAIAREL, BRI R B NER B B 2
Gy SrEREAR, EAEINE bR 2B R AR [ 4
B, FEERE D ESOREAN IR . SRR AL,
PR ICZ S K RV INER 2 45 S IR BEFE i I
AR AL BB /NG b R AR K B BT
FREERIR, RcimRt D-gal HFHEE KRG
s B B — e M SGE R
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1 HEXRBHELRBENERLER (X200)

Fig. 1 Histopathological observations of kidney tissues from each group of rats (x200)
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FERRBAAPRPATEBRIEER (X £5, n=3)

Fig. 2 Expression results of apoptosis-related proteins in kidney tissues of rats in each group (X s, n=3)
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Fig.3 Total ion chromatograms in positive and negative ion modes
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Fig. 4 Analysis of serum metabolic profiles in each group of rats after Baoyuan Decoction intervention (n=6)
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Table 6 Effect of Baoyuan decoction on biomarkers in serum of D-galactose-induced aging rats

. B vs KR oz vs B
5 i BER tmin ome % %
A VIP logFC VIP  logFC
14 1t
1 R CeHiN:02 090 1471130 POS 102 -038 1 18 086 1
2 BER CsHsNOs 113 1300502 POS 111 -033 | 230 1.20 1
3 EBR® CeH:Or 114 1910207 NEG 136 0.26 202 1.02 !
4 HIRCR CsHeOs 175 1910205 NEG 132 -033 | 435 212 1
5 LN GHiuNO: 264 1660863 POS 110 032 1 161 069 1
6  EHRE R CHiNOs 273 1840730 NEG 155 -038 | 187 0.90 1
7 HERTAIER CaoH0s 787 3892097 NEG 138 043 | 232 122 1
8 MR CaHs02 788 3012160 POS 123 -040 | 154 063 1
9 HFiREE2 CaoHxOs 805 3512176 NEG 124 0.30 t 225 117 !
10 H=McA CaoHaN:06S 807 6242958 NEG 217 072 1t 185 0.89 !
11 4l 18- ¥Rk RS CaoHz0s 811 3172114 POS 160 033 T 182 0.86 !
12 RipiEER D2 CaoHzOs 827 3512175 NEG 134 032 1t 208 1.06 !
13 DUEUBAA B CaH0s 843 3802686 POS 157 045 | 223 116 1
14 R CioHs02 866 2892162 POS 156 040 | 186 0.90 1
15 S-SR R CaH0s 986 3352221 NEG 117 037 1 208 1.06 !
16 WEEBHIEm (20 1 5) CxHsNO-P 1037 5863146 NEG 199 -0.60 1 225 117 1
17 1,12 R EHR CaHxOs 1043 3212426 POS 156 -040 | 251 133 1
18 VAWEARIIEGS (18 1 3) CxHsNOP 1048 5623144 NEG 157 049 | 215 110 1
19 HHERE CisHxNO2 1087 3002903 POS 132 -040 1 250 1.32 1
20 TS CaH0s 1089 3352229 NEG 123 033 1 209 1.06 !
21 VEBEIEmEIEG (151 0) CzH«NOP 1093 4823238 POS 115 033 | 240 1.26 1
22 TE(ME)HERE CisHzNO:, 1117 3023050 POS 111 039 | 173 0.79 1
23 15-EE TR CaoHxOs 1142 3032313 POS 101 044 | 252 1.33 1
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POS-IEEF#: NEG-HEFH; “t 7 -8 LA “ )7 SR Tk,

POS-positive ion mode; NEG-negative ion mode; “1”-content increases; “|”-content decreases.
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Arachidonic acid metabolism

Retinol metabolism

Alanine, aspartate and glutamate metabolism
Butanoate metabolism

Arginine biosynthesis

Citrate cycle (TCA cycle)

Phenylalanine, tyrosine and tryptophan biosynthesis
Linoleic acid metabolism

Glyoxylate and dicarboxylate metabolism
Lysine degradation

Nitrogen metabolism

Sphingolipid metabolism

Phenylalanine metabolism

Biotin metabolism

D-Amino acid metabolism

Histidine metabolism

Pantothenate and CoA biosynthesis
Glutathione metabolism

Porphyrin metabolism

Steroid hormone biosynthesis

Arginine and proline metabolism
Biosynthesis of unsaturated fatty acids
Lipoic acid metabolism

Tyrosine metabolism
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Fig. 6 Effect of Baoyuan Decoction on metabolic pathways of aged rats
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